INTRODUCTION {#S1}
============

The emergence and uncontrolled dissemination of carbapenemase-producing *Enterobacteriaceae* (CPE) has caused great concern to public healthcare systems worldwide. Genes associated with carbapenemase production are often contained on mobile genetic elements that facilitate transfer among different *Enterobacteriaceae* species. Until 2009, CPE prevalence in Spain was relatively low and normally related to VIM and KPC enzymes \[[@ref1], [@ref2]\]. Recently, CPE prevalence significantly increased owing to the dissemination of successful *Klebsiella pneumoniae* clones harbouring *bla*OXA-48, mainly linked to health care exposure and prolonged hospital stay \[[@ref3], [@ref4]\]. On the other hand, the emergence of CPE as a cause of community-onset initiated infections, represents a matter of great concern, taking into account the latest detected trends and the increase in carbapenemase reservoirs worldwide, mainly due to the producers of OXA-48 \[[@ref5], [@ref6]\].

It is known that precautions based on transmission (contact isolation) for colonized and infected patients is a key factor to reduce their impact \[[@ref7], [@ref8]\] but CPE cases go beyond the limits of clinical services and the hospital itself, extending to different types of patients and in clinical settings. That is the reason why not only this measures must been done in general. Epidemiological studies are necessary to better understand the epidemiological trend and what preventive measures and clinical decisions could be implemented to address the challenges related to CPE isolation.

The aim of our study was to carry out an epidemiological analysis of patients with CPE isolations in our hospital from 2014 to 2016. Moreover, a description of the genotypic temporal evolution of CPE isolation in a tertiary hospital was also performed.

MATERIAL AND METHODS {#S2}
====================

An observational prospective cohort study was performed involving all patients with CPE isolates from clinical samples during November 2014 to November 2016 in a Spanish teaching hospital with over 800 beds and 60/40 medical-surgical activity. Patients were clinically evaluated and classified either as infected or colonized. Information on the consumption of carbapenems in the hospital during the study period was also analyzed. Patients were identified through the Microbiology Department database and only a single episode per patient, the first one, was considered during the study period.

**Definition and collection of variables**. Data were collected from the microbiology laboratory records of patients with CPE from clinical samples and was evaluated and classified either as infected or colonized. An infection or colonization diagnosis was considered if it was established as a diagnosis during the patient's care by the responsible physician according to the usual clinical practice. Origin of clinical sample was from hospitalized patients or from primary care. Type of admission ward and the 30-day mortality after the index event also were collected. Global carbapenem use of in the whole Institution, measured as Defined Daily Doses (DDD) per 100 bed-days, was analyzed during the study period.

**Microbiological procedures**. Analysis included all CPE isolations, but only the first isolation and during the study period. The identification of clinical isolates was performed by MALDI-TOF MS^^®^^ (Microflex; Bruker Daltonics, Bremen, Germany). Antibiotic susceptibility testing was performed using either the Wider^^®^^ (Fco. Soria Melguizo, Madrid, Spain) or VITEK^^®^^ systems (bioMérieux, Marcy L'Étoile, France). Isolates were categorised as either susceptible or resistant to the antibiotics tested according to the interpretative criteria of the Clinical and Laboratory Standards Institute (CLSI) \[[@ref9]\].

Enterobacterial strains recovered from any clinical sample with an imipenem or meropenem minimum inhibitory concentration (MIC) of \>1 mg/L, or a MIC for ertapenem of \> 0.5mg/L were retested using E-test^^®^^ (bioMérieux, Marcy L'Étoile, France), and screened carbapenamase production by modified Hodge test. All isolates with Hodge test positive were characterised by molecular or immune chromatographic methods. PCR was used for identification of the carbapenemase genes *bla*KPC, *bla*VIM, and *bla*OXA-48 \[[@ref10], [@ref11]\] since those are the most frequent types of carbapenemases in Spain.

**Statistical analysis**. Descriptive statistics were obtained for all variables. Univariate comparison of proportions for categorical variables was performed by either Fisher's exact test or the Chi-square test. Odds ratio (OR) and 95% confidence interval (CI) were calculated for all valid associations. A significance level of *P* ≤ 0.05 was considered. CPE population diversity was estimated by using the Simpson's Dominance Index (SDI) \[[@ref12]\]. SDI values ranges from 0 to 1 representing, respectively, the least and the most possible biodiversity possible in the population. All statistical analysis were performed using SPSS^^®^^ Version 20 (IBM^^®^^, Chicago, USA).

RESULTS {#S3}
=======

A total of 301 isolates of CPE were obtained (107 in 2014, 89 in 2015, and 105 in 2016). The clinical sample with the highest frequency of isolates was urine (n=157), followed by exudates (n=60), respiratory samples (n=38), blood cultures (n=32) and corporal fluids (n=8) ([figure 1](#F1){ref-type="fig"}). *K. pneumoniae* (221/301; 73.4%) was the most prevalent microorganism, followed by *Enterobacter cloacae* (38/301; 12.6%), *Serratia marcescens* (16/301; 5.3%), *Klebsiella oxytoca* (10/301; 3.3%), *Escherichia coli* (6/301; 1.9%), *Citrobacter freundii* (4/301;1.3%), *Enterobacter absuriae* (3/301; 0.9%), *Enterobacter aerogenes* (2/301; 0.6%) and *Citobacter koseri* (1/301; 0.3%). Analysing the yearly distribution of the variety of species isolated we observed that the Simpson´s Dominance Index (SDI) showed a diversification increase during the study period (SDI year 2014= 0.432, SDI year 2015= 0.427 and SDI year 2016= 0.463).

![Origin of clinical samples](revespquimioter-32-254-g001){#F1}

Regarding the types of carbapenemases detected ([figure 2](#F2){ref-type="fig"}), 170 (56.7%) of them were *bla*OXA-48, 73 (24.3%) *bla*KPC and 57 (19%) *bla*VIM. By care units, most of isolates came from medicals wards, followed by surgical wards and the ICU. OXA-48 predominated in medical and surgical areas, and in patients whose samples came from primary care. On the other hand, KPC and VIM genotypes predominated in the ICU during the first year of the study. Isolations in surgical wards ranged from 27% in 2014 to 11% in 2016. In the ICU has decreased (21 isolations in 2014, 11 in 2015 and 9 in 2016). The complete distribution of carbapenemases isolated regarding the care unit, the year and the type of enzyme are depicted in [figure 3](#F3){ref-type="fig"}.

![Frequency of carbapenemase isolates from 2014 to 2016](revespquimioter-32-254-g002){#F2}

![Yearly distribution of carbapenemase isolates by care units](revespquimioter-32-254-g003){#F3}

In the univariate analysis, in 2014 we observed a significant association between the medical wards and the ICU with a higher prevalence of OXA-48 (OR 4.15; *P*\<0.001) and VIM (OR 7.40; *P*\<0.001). All the univariate analysis results are summarized in [table 1](#T1){ref-type="table"}. When we analysed the genotype in 2014 KPC was predominant and in 2016 OXA48 predominated ([figure 2](#F2){ref-type="fig"}).

###### 

Risk of carbapenemase-producing *Enterobacteriaceae* isolation considering care unit and type of carbapenemase in the three years of the study

                        2014                   2015    2016                                                                                                                                                                                                                                              
  --------------------- ---------------------- ------- ---------------------- --------- --------------------- --------- ---------------------- ------- ---------------------- ------- ---------------------- ------- --------------------- ------- ---------------------- ------- ---------------------- -------
  Oncology-Hematology   3'846 (0'711-20'816)   0'096   0'658 (0'075-5'784)    0'704     0'256 (0'030-2'212)   0'185     4'222 (0'347-51'330)   0'222   \-                     0'443   0'742 (0'064-8'578)    0'810   1'794 (0'503-6'400)   0'363   0'246 (0'031-1'990)    0'158   1'296 (0'409-4'113)    0'659
  Surgical              0'958 (0'394-2'330)    0'925   1'219 (0'419-3'545)    0'716     0'961 (0'389-2'372)   0'931     0'677 (0'078-5'881)    0'722   1'970 (0'460-8'435)    0'354   0'714 (0'194-2'632)    0'612   1'477 (0'423-5'161)   0'539   2'618 (0'838-8'184)    0'090   0'368 (0'127-1'066)    0'059
  Medical               0'664 (0'291-1'515)    0'329   0'068 (0'009-0'531)    0'001     4'156 (1'779-9'705)   0'001     0'814 (0'218-3'039)    0'759   0'273 (0'078-0'951)    0'033   2'600 (0'989-6'838)    0'058   1'085 (0'401-2'938)   0'872   0'665 (0'253-1'746)    0'406   1'253 (0'568-2'764)    0'577
  ICU                   1'545 (0.602-3.970)    0.364   7.400 (2.551-21.469)   \<0.001   0.524 (0.427-0.642)   \<0.001   1.917 (0.351-10.471)   0.446   3.829 (0.947-15.474)   0.070   0.254 (0.069-0.932)    0.030   \-                    0.116   3.020 (0.767-11.881)   0.101   0.931 (0.246-3.526)    0.916
  ER                    \-                     \-      \-                     \-        \-                    \-        2.778 (0.261-29.609)   0.379   0.833 (0.757-0.917)    0.373   1.131 (0.112-11.435)   0.917   \-                    0.406   2.025 (0.175-23.463)   0.565   1.258 (0.110-14.342)   0.853
  Primary care          0'589 (0'169-2'050)    0'401   0'708 (0'145-3'468)    0'669     2'121 (0'658-6'836)   0'201     \-                     0'229   2'610 (0'585-11'644)   0'196   0'860 (0'203-3'636)    0'837   0'889 (0'098-8'079)   0'917   \-                     0'204   3'305 (0'372-29'379)   0'258

ICU: Intensive Care Unit; ER: Emergency Room.

When we analysed the clinical significance of microbiological results after assessing our patients, 60% of isolates represented infection and 40% behaved as colonizers. One third of hospitalized patients with CPE isolation died within 30 days, regardless of whether they were colonized or infected. The global use of carbapenems, measured as DDD per 100 beddays, decreased slightly from 2014 to 2016, especially at the expense of meropenem and imipenem ([figure 4](#F4){ref-type="fig"}). Only those units with more fragile patients such as internal medicine, oncology and hematology have maintained a similar level of carbapenem usage during the study period.

![Global DDD per 100 bed-days in our Hospital from 2014 to 2016](revespquimioter-32-254-g004){#F4}

DISCUSSION {#S4}
==========

In the present study we analyse the epidemiological, clinical and outcome features of patients with colonisation and infection due to CPE. We observed that the overall prevalence of CPE increased during the study period, and this phenomenom was primarily associated with OXA-48. Our results showed that up to nine different species of *Enterobacteriaceae* showed enzyme production, mainly *K. pneumoniae* OXA-48. The most frequent types of clinical samples were urine, followed by exudates and respiratory samples. The majority of patients with CPE isolated from urinary samples usually correspond to patients with transient or permanent urological devices (catheter, pigtail, double J) and previous antimicrobial therapy, both factors constitute the perfect environment for a MDR selection, since the protection given by the urological devices counteracts the natural clearance mechanisms. At present time, UTIs due to CPE constitute a growing nosocomial infection \[[@ref13]-[@ref15]\].

The most predominant *Enterobacteriaceae* during the whole study period were *Klebsiella* spp (76% of the episodes), in particular *K. pneumoniae*. These data coincided with most of the studies, where it is considered to be the main reservoir of the carbapenemase genes, particularly OXA-48 \[[@ref16], [@ref17]\]. Other minority species were also detected in a slightly high percentage, including rare *Enterobacteriaceae* such as *C. koseri*. These results may reflect the efficient penetration of carbapenemase among the *Enterobacteriaceae* as it has occurred previously with the isolating producers of extended-spectrum β-lactamase (ESBL), in particular CTX-M. Distribution of these species was homogeneous throughout the study period, and the isolated CPE species diversity increased slightly from 2014 to 2016.

Most of the isolates came from medical wards, usually the length of stay, the number of medical procedures and the antimicrobial prescription were more frequent. This more complex profile of patients, along with a higher prevalence of comorbidities between them, has all been related to the increase of CPE isolates \[[@ref5]\]. From the microbiological point of view, the increasing prevalence of OXA-48 both in the medical wards and in the hospital in general, could be due to the efficient dissemination of the *bla*OXA-48 gene between the enteric flora of hospitalized patients that facilitate a high colonization rate. This fact could lead to a greater dispersion of this enzyme that produces a complex epidemiological situation with a high number of colonized individuals \[[@ref18], [@ref19]\]. The *bla*OXA-48 gene is housed in a conjugated plasmid whose gene encodes a protein that inhibits bacterial conjugation and efficient propagation of the *bla*OXA-48 gene, although clonal dissemination also contributes to the success of OXA-48 \[[@ref20]\]. We observed a constant maintenance of the number of isolates coming from primary care practices, this situation has the risk of dissemination of OXA-48 into the community. Several studies show the emergence of CPE as a cause of community-onset infections. This fact should be a matter of great concern, taking into account the latest trends detected and the increase in carbapenemase reservoirs worldwide \[[@ref5], [@ref6]\]. These changes in the epidemiology patterns suggest that the incidence of both nosocomial and community-acquired infections will increase in the next future, mainly due to the OXA-48 CPE \[[@ref5], [@ref6]\]. This situation might also be related to delayed clearance of CPE carrier status after hospital discharge. The intestinal microbiota can be a reservoir of CPE genes in the community since intestinal colonization can last for months \[[@ref21], [@ref22]\] allowing the transmission to close contacts and, therefore, increasing the prevalence of community-acquired CPE infections \[[@ref23], [@ref24]\].

On the other hand, in our serie a non-negligible number of CPE isolates were collected in patients admitted to the surgical areas, especially during 2014, without any enzymatic class predominating. In the two following years, due to a greater awareness in the contact measures and optimization in the antimicrobial treatment, KPC and VIM isolates number was reduced, keeping the OXA-48 level almost constant. Something similar happened in ICU, where the depletion in the isolation of VIM and KPC CPE was more evident, due to implementation of control measures such as selective bowel decontamination (SBD) and intensified by "Zero measures" \[[@ref25], [@ref26]\].

In a multicenter study performed by Oteo et al. \[[@ref27]\] on Spanish ICU patients with rectal CPE colonization a low prevalence was also found. Nevertheless, it is important to know the data of the institution where you work since there is significant variability between the different Spanish hospital's ICUs \[[@ref27]\]. This low proportion could be in fact explained because a rectal CPE-carrier status analysis is carried out on every patient admitted to an ICU. This measure, which is not usually taken in the rest of the care units, allows the CPEcolonized patients to be subjected to special control protocols. In the case of our ICU, the CPE isolations decreased from 2014 to 2016.The above mentioned protocols, which include the SBD, were implemented in all ICU (neuro-polytrauma, medical-surgical and cardiovascular) from 2011 to 2015 and the "Zero measures" implemented from 2013 to 2015 (one intensive care specialist responsible of prescriptions, one nurse responsible of infection control measures, checklist of risk factors at admission, 4% chlorhexidine for hygiene in patients colonized or infected with MDR pathogens), were important to control the CPE dissemination in the ICU.

Carbapenem use is another important key point in order to understand the distribution trends and the predominance shift from one type of carbapenemase to another over time. Analysing the DDD per 100 bed-days employed on each of the main carbapenem-prescribing care units in our institution, we observed a slight decrease in the usage of this group of antibiotics during 2015 ([figure 4](#F4){ref-type="fig"}). Nevertheless, since some of those care units, such as the medical wards, Oncology and Hematology, take care of the most fragile patients, it is sometimes difficult to restrict carbapenem prescription. Moreover, specific protocols or clinical guides usually exist in those care units promoting the empiric use of carbapenems in cases such as the febrile neutropenia. In that respect, many clinical guides have been recently modified regarding the empirical prescription of carbapenems in febrile neutropenia in an effort to prevent the selection of resistant strains. For example, the European Conference on infections in Leukemia (ECIL) guides now consider the carbapenems as an option only when the patient is in shock, maintaining piperacillin-tazobactam, cefepime or even ceftazidime as first options with an A-I level of evidence \[[@ref28], [@ref29]\]. The consultant experts on infectious diseases or the stewardship teams could advise the specialists from these care units whenever early de-escalation in stable patients is possible.

An explanation for the epidemiological change from KPC to OXA-48 in our hospital could be related to an OXA-48 CPEs disseminated throughout our country \[[@ref18]\]. Therefore, our hospital would be representing just a minor part in what is in fact a nation-wide phenomenon. The epidemiological situation of the CPEs in Spain in 2014, was considered as an interregional dissemination where most CPE isolated were OXA48, which produced a rapid evolution. However, a significant number of KPC CPEs were isolated in 2014 in our institution. Our hypothesis to explain the high frequency of KPC isolations during that year is that probably it was an outbreak of the same clone of KPC *K. pneumoniae*. Prevalence of KPC genotype has been low in the majority of Spanish hospitals from the first isolations of KPC enzyme in 2010 \[[@ref1], [@ref30]\]. Nevertheless several outbreaks of *K. pneumoniae* KPC-2 and KPC-3 have been characterized in high-risk clones such as ST11, ST101 and ST512 \[[@ref31], [@ref32]\] and even colistin-resistant KPC-producing *K. pneumoniae* \[[@ref8], [@ref33]\].

VIM CPE isolations remained practically constant during the period studied, and it also was the genotype less frequently isolated. These data did not coincide with what happened at the same time in Spain, because OXA-48 and VIM were responsible for the major part of the isolates in the country. Currently, the strains of *K. pneumoniae* OXA-48 are responsible for the most CPE isolations and infections in Spain \[[@ref18]\], while a great proportion of OXA-48 are colonizers.

Finally, 40% on CPE isolates were colonizations. Colonization precedes infection in most cases; an intestinal CPE-carrier status may be the source of subsequent clinical infection in approximately 9% of cases \[[@ref34]-[@ref38]\]. In addition, these patients can serve as a repository for the dissemination of CPE in health centers. The outbreaks of CPE are leading to an endemic situation where clinical infections are just the tip of the iceberg but most affected patients are asymptomatic intestinal carriers \[[@ref7], [@ref24], [@ref39]\]. At present time, healthy carriers are usually considered as the most important reservoirs of CPE \[[@ref40]\]. Also, being CPE colonized did not reduce the impact on the prognosis of these patients, since a third of these died in the following 30 days to the isolation, despite colonizer or pathogen.

In conclusion, we have observed an epidemiological change in the genotypes of our isolates that that could condition a change in the therapeutic protocols. The persistence of OXA48-producing Enterobacteriaceae in the medical wards is a serious problem, this evidence must make a position expressing the need for definitive and coordination action with strong control measures to contain this spread in this nosocomial environment.
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